Abstract Type 2 diabetes mellitus (T2DM) and colorectal cancer are major causes of morbidity and mortality worldwide. T2DM and colorectal cancer share common risk factors related to westernized lifestyles, including high body mass index and central adiposity, low physical activity, cigarette smoking, and diets characterized by low intake of fruit and vegetables and high intake of red and processed meats and refined grains and sugars. Epidemiologic studies show that T2DM is quite convincingly associated with higher risk of colorectal cancer incidence and mortality, even after accounting for their shared risk factors. Whether T2DM is related to poorer prognosis after colorectal cancer diagnosis is less understood and controversial, although some larger studies suggest poorer prognosis among patients with T2DM. The impact of diabetes treatments, such as metformin or insulin, on colorectal cancer risk also is characterized poorly. This review describes studies on the association of diabetes and its treatments with colorectal cancer mortality, incidence, and survival. Potential clinical and biological explanations for these associations are explored.
Introduction
Diabetes is a chronic metabolic condition characterized by the failure of the pancreas to create sufficient insulin or by the inability of the body to use the insulin it produces. Type 1 diabetes mellitus (T1DM) usually presents during the period from childhood to young adulthood and comprises approximately 5-10 % of the disease [1, 2] . T1DM is fundamentally the result of pancreatic islet β-cell dysfunction, whereby the pancreas fails to produce sufficient insulin to stimulate the uptake of glucose from circulation to target tissues. T1DM patients require lifelong insulin treatment. The causes of T1DM are poorly understood, but evidence suggests that a complex interplay between genetic predisposition, epigenetics, and environmental factors may underscore the autoimmune reaction related to the disease [1, 2] .
Type 2 diabetes mellitus (T2DM) comprises approximately 90 % of the disease and is usually diagnosed in adults. In the early stages of T2DM, the peripheral depots for glucose no longer react to insulin-a state referred to as insulin resistance-and high levels of glucose remain in circulation (hyperglycemia). The pancreas initially responds to the excess glucose by producing an overabundance of insulin, creating hyperinsulinemia. Often with prolonged T2DM, the β-cells in the pancreas will fail, resulting in decreased endogenous insulin levels and the eventual requirement for insulin treatment. Risk factors for T2DM are relatively well-understood and largely relate to western lifestyles, including overweight and obesity (as indicated by the body mass index (BMI) and central adiposity), lack of sufficient physical activity, high fat/carbohydrate diet, low fruit and vegetable diet, high alcohol intake, and cigarette smoking [3••] . T2DM also appears to have an underlying genetic etiology with approximately 60 genetic loci identified so far from genome wide association studies (GWAS) [4] . The other nonmodifiable risk factors for T2DM include race, age, family history of T2DM, and history of gestational diabetes [5] . Concurrent with secular trends for obesity among children and adolescents [6] , T2DM is now diagnosed increasingly in younger age groups [7, 8] .
Worldwide in 2010, an estimated 285 million adults aged 20-79 years had diabetes [9] . By 2030, the number of adults globally with diabetes mellitus is projected to increase to 439 million, with developing countries facing a larger burden of that increase [9] . On a worldwide perspective, high blood glucose is the third leading risk factor for early mortality [10] and diabetes is the ninth leading cause of death [11] . In the United States, diabetes is estimated to affect almost 26 million adults, including 7 million people who are undiagnosed [5] . Diabetes is the seventh leading cause of death in the United States [5] where the lifetime probability of developing the disease may be as high as 1 in 3 [12] . The rapid worldwide increase in the prevalence of T2DM has largely mirrored the growing prevalence of overweight and obesity [3••] . Historically, diabetes has been long appreciated as a major cause of macrovascular and microvascular diseases, such as heart disease, stroke, kidney failure, and blindness [5] . Men and women with diabetes also have been estimated to die 5-14 years sooner than men and women without the disease [12, 13•, 14••] . Recent studies, particularly in the past 10-15 years, also suggest higher risks of cancer incidence and mortality for certain cancer organ sites among people with diabetes [15••] .
Colorectal cancer usually begins in the inner lining, or mucosal layer, of the colon or rectum. Most colorectal cancers develop in epithelial tissue where the disease progresses from small, benign growths to invasive disease over a period of many years or decades; tumors that originate in epithelial tissue are called adenocarcinomas and comprise approximately 95 % of invasive cancers in the colon and rectum. Normal epithelial tissue transforms to adenoma and then to carcinoma through a series of acquired genetic mutations and epigenetic modifications represented by at least three major, although not mutually exclusive, pathways: chromosomal instability (CIN) [16, 17] ; microsatellite instability (MSI) [18] ; and CpG Island Methylator Phenotype (CIMP) [19] .
Worldwide in 2008, approximately 1.2 million people were expected to have been diagnosed with colorectal cancer and just over 600,000 people were expected to have died from the disease [20] . In the United States in 2012, approximately 143,000 people were estimated to have been diagnosed with colorectal cancer, and another 52,000 people were estimated to have died from the disease [21] . Approximately 1 in 20 people are expected to develop colorectal cancer in their lifetime in the United States [22] . Colorectal cancer incidence and mortality rates have been decreasing in the United States and other affluent countries in recent years, likely because of increased use of screening/early detection methods and better treatments [23] . In contrast, colorectal cancer rates are increasing in some areas of the world where rates were previously low [24] . This shift is likely due to adoption of westernized lifestyles. Much like T2DM, the main modifiable risk factors for colorectal cancer relate to diet, physical inactivity, obesity, smoking, and alcohol [22] . The nonmodifiable risk factors for colorectal cancer include age, sex, race, and genetic predisposition [22] .
Given their shared risk factors, suggestive of a common etiology, it is not surprising that there is much research interest into the potential association between T2DM and risk of colorectal cancer. Early studies of this research question were underpowered and lacked data on important confounders, such as BMI and physical activity [25] [26] [27] [28] . Nonetheless, even these relatively simple earlier analyses suggested a higher risk of colorectal cancer incidence and mortality among patients with T2DM. Yet, given the shortcomings of these earlier studies, and the relatively modest associations observed, it was still not clear whether the association was causal or due to shared risk factors or other reasons.
Interest in this area was strengthened in 1995 when Giovannucci put forward the hyperinsulinemia hypothesis, which posits that high levels of endogenous insulin, concurrent with obesity, physical inactivity, and in the early stages of T2DM may create a procarcinogenic environment in the colorectum [29] . From the mid 1990s to the mid 2000s, approximately a dozen studies were published on the association of diabetes with colorectal cancer incidence and mortality. In support of the hyperinsulinemia hypothesis, a 2005 meta-analysis [30] summarized 15 epidemiologic studies conducted among 2.6 million study participants and reported that diabetes was associated with a moderate increased risk of colorectal cancer overall (relative risk (RR) 1.3; 95 % confidence interval (CI) 1.2-1.4). Whereas the evidence for a moderate impact of diabetes on colorectal cancer incidence and mortality appears to be established, the impact of diabetes on survival after colorectal cancer is much less clear. Additionally, studies concerning the association of diabetes treatments, such as insulin and metformin on colorectal cancer mortality, incidence, and survival also are largely lacking. The goal of this review is to summarize recent evidence on the association of diabetes and its treatments with colorectal cancer mortality, incidence, and survival. Potential reasons for these associations are explored and suggestions for future research priorities are made. Because of the significant morbidity and mortality caused by colorectal cancer and T2DM, studies on their interconnectedness have strong public health and clinical relevance.
Diabetes and Colorectal Cancer Mortality-Recent Studies
In the 2005 meta-analysis mentioned earlier [30] , the summary RR for the association between diabetes and colorectal cancer mortality was 1.26 (95 % CI 1.05-1.5), quite similar to the estimate for diabetes in relation to colorectal cancer incidence. Several recent studies also have examined this link [13•, 14••, 31-34] . For the purpose of this review, mortality studies refer to cohort studies where a group of study participants who are free of colorectal cancer at baseline are followed forward in time for death from colon or rectal cancer and rate ratios are calculated by comparing colorectal cancer death rates among participants with and without diabetes, while adjusting for other factors. In the CLUE II prospective cohort of~18,000 mostly Caucasian adults, treated diabetes at baseline, compared with not reporting diabetes, was associated with higher risk of colorectal cancer mortality (RR 3.26; 95 % CI 1.56-6.82), after multivariable adjustment that included BMI and smoking [32] . In another largely Caucasian study of more than one million U.S. adults enrolled in the Cancer Prevention Study-II (CPS-II), self-reported diabetes at baseline was associated with modestly higher risks of death from colon cancer (women: RR 1.18; 95 % CI 1.04-1.33; men: RR 1.15; 95 % CI 1.03-1.29) but not associated with risk of death from rectal cancer [13•] . The Emerging Risk Factors Collaboration pooled data from 820,900 mostly Caucasian participants representing 97 prospective studies [14••] . Diabetes at baseline, defined from a combination of selfreports, medication use, and/or fasting glucose, was associated with higher risk of colorectal cancer death among men and women combined (RR 1.4; 95 % CI 1.2-1.63) [14••] . In another pooled effort of European studies, the DECODE collaboration combined data from~44,000 men and women who had results for 2-hour oral glucose tolerance tests [33] . Participants with known diabetes (defined as a previous diagnosis of diabetes or taking antihyperglycemic medications), compared with participants with normoglycemia, had about a twofold higher risk of death from stomach and colorectal cancer mortality combined (RR 2.07; 95 % CI 1.21-3.51).
Diabetes also is associated with colorectal cancer mortality in non-Caucasian populations. Lam and colleagues combined data from 36 prospective studies comprised of 367,000 participants (74 % from Asia) and identified a modest, although not quite statistically significant, association with colorectal cancer mortality (RR 1.32; 95 % CI 0.98-1.78) [34] . One limitation to this analysis was the relatively short average follow-up period of only approximately 4 years. When analyses were restricted to cohorts with 8 or more years of follow-up, a statistically significant association was identified (RR 1.5; 95 % CI 1.03-2.18) [34] . From these recent studies, consistent with the earlier metaanalysis [30] , diabetes is consistently associated with colon cancer mortality among both men and women and among Caucasian and Asian population groups. Whether associations differ by subsite in the colon or rectum is unresolved. More research is needed on the potential impact of diabetes on colorectal cancer mortality in other racial/ethnic groups. Mortality studies reflect the combined influence of diabetes on colorectal cancer incidence and survival. Other studies, based on cancer incidence and survival data, are needed to disentangle the distinct impact of diabetes on these two outcomes. Incidence and survival studies are discussed next.
Diabetes and Colorectal Cancer Incidence-Recent Studies
From early 2011 through October 2012, at least six metaanalyses were published on the topic of diabetes and colorectal cancer risk [35-38, 39••, 40] . As shown in Table 1 , the overall summary RRs for the association between diabetes and colorectal cancer incidence is usually around 1.3. Generally, the meta-analyses identified relatively consistent associations across subgroups when stratified by sex and subsite in the colorectum. The relative consistency of associations across subsites in the colon and rectum may be somewhat surprising given that higher associations are usually observed for colon cancer than for rectal cancer with obesity [41] and physical inactivity [42] . Curiously, several meta-analyses also noted that case-control studies generated moderately higher summary estimates than did cohort studies [36, 39••, 40] . These somewhat higher estimates could be due to recall bias in case-control studies, whereby case patients were more likely to accurately report themselves as having diabetes (or not having diabetes) than control participants, perhaps because of better awareness of their health/ illness status due to recent contacts with medical providers. Alternatively, the slightly lower estimates derived from cohort studies could be due to nondifferential misclassification of diabetes status during the course of follow-up. Prospective cohort studies with regularly updated diabetes information are particularly important to reduce this form of misclassification.
Whether the association of diabetes with colorectal cancer differs by sex is perhaps a more interesting question than the homogeneity identified by the meta-analyses indicates. First, associations between BMI and colorectal cancer are usually higher among men than among women [41] . Yet, the 2005 meta-analysis by Larsson and colleagues identified nearly identical summary RRs for diabetes and colorectal cancer in men (RR 1.29; 95 % CI 1.15-1.44) and women (RR 1.33; 95 % CI 1.23-1.44) [30] ; importantly, most studies in the meta-analysis included BMI as a covariable. After the publication of that meta-analysis [30] , several studies suggested the RR was higher among men than among women [43] [44] [45] [46] [47] [48] , a trend that is consistent with known associations with BMI [41] . In the most recent of these studies, in the CPS-II Nutrition cohort of~155,000 U.S. adults with regularly updated self-reported diabetes status over the course of a 15-year follow-up period, T2DM was associated with a 24 % higher risk of colorectal cancer incidence among men (RR 1.24; 95 % CI 1.08-1.44) and there was a null association observed among women (RR 1.01; 95 % CI 0.82-1.23) [48] . The authors speculated that these gender differences might relate to differential use of metformin and degree of glucose control among men compared with women. In the past few years, some studies have shown the opposite trend; that is, the association of diabetes with colorectal cancer incidence is higher among women than among men [49, 50] or similar associations have been shown by strata of gender [51] . These inconsistent findings between studies are difficult to resolve but may be due to chance.
Some studies have assessed the association between categories of T2DM duration and colorectal cancer incidence [45, 48, [52] [53] [54] . Motivation for these analyses is driven, at least in part, by the natural history of T2DM. If hyperinsulinemia or closely related factors are key mediators for this association, risk of colorectal cancer might peak with intermediate duration T2DM, when insulin levels are highest, and then diminish with long term T2DM as the pancreatic β-cells fail to produce sufficient insulin [52, 54] . In both the CPS-II Nutrition study [48] and in the study by Limburg and colleagues [45] , colorectal cancer risk increased linearly with longer duration T2DM in men, in contrast to expectations suggested by the hyperinsulinemia hypothesis. The authors noted that their results emphasized the need for vigilant adherence to recommended guidelines for colorectal cancer early detection among men with longstanding T2DM. Both of these studies also reported consistently null associations with T2DM duration among women [45, 48] . In contrast, other cohort studies among women [52, [54] [55] [56] reported higher RRs for the intermediate duration categories than either of their respective shorter or longer duration categories, providing indirect support that hyperinsulinemia is potentially a marker or mediator of this link. Given population level improvements in glycemic control among men and women with diabetes in the United States [57•] , it may be informative to compare earlier studies of T2DM duration and colorectal cancer risk, when glycemic control was generally worse, to future, more modern cohorts, where glycemic control might be reasonably expected to be improved. One might hypothesize, for instance, that in future cohorts with good glycemic control, more frequent null associations for diabetes and colorectal cancer will be observed.
It is unclear if associations between diabetes and colorectal cancer incidence differ by strata of race/ethnicity ( [60] . Many of the studies included in the metaanalysis excluded participants who reported T2DM. A relatively small study [61] , nested within a large European cohort, suggested that hemoglobin A1c, but not selfreported T2DM, was associated with higher risk of colorectal cancer. More recent studies on hemoglobin A1c and colorectal cancer incidence have generally suggested modest associations [62, 63•] , and not all studies have been statistically significant [62] . C-peptide, a marker of endogenous insulin secretion, also was associated with risk of colorectal cancer incidence in the meta-analysis (highest vs. lowest categories of C-peptide, RR 1.35; 95 % CI 1.13-1.61) [60] . Recent studies of C-peptide and insulin levels with colorectal cancer risk from prospective cohort studies largely support this summary RR [64, 65] with the exception one recent null study [62] . Similarly, serum levels of insulin-like growth factor-1 (IGF-1), part of the insulin/ IGF axis, are associated with colorectal cancer incidence [66] . Collectively, these results suggest that impaired glucose control and hyperinsulinemia are associated with increased colorectal cancer risk. The specific molecular perturbations that occur in a high glucose/insulin/IGF environment are explained in detail elsewhere [15••, 66, 67] , but briefly, they relate to enhanced capacity for cancer cells to proliferate, avoid apoptosis, promote inflammation, and invade surrounding tissues and metastasize [15••, 66, 67] .
Diabetes and Colorectal Cancer Survival-Recent Studies
In contrast to the rather compelling evidence from mortality and incidence studies, data concerning the impact of diabetes on colorectal cancer survival are less convincing. For this review, survival studies refer to cohorts of colorectal cancer patients who are followed from the time of their cancer diagnosis to death (or other clinically meaningful endpoints) and rates of the outcome are compared among patients with and without diabetes to calculate a RR. As summarized in Table 2 , several epidemiologic studies have examined this association. For background, the 5-year relative survival among colorectal cancer patients from 1999-2006 in the United States was 67 %, although there is wide variability according to stage of disease (e.g., 90 % for localized disease compared with only 12 % for patients with distant metastatic disease) [22] . Similar to the situation described above for early studies on incidence and mortality, some earlier survival studies were probably underpowered to detect small RRs and follow-up time was often brief. Additionally, many earlier studies-and even some recent studies-lack data on important confounders, including BMI and physical activity [68] .
A recent meta-analysis addressed the question of whether diabetes was associated with short-term survival among patients with colorectal cancer [69] . The meta-analysis identified four studies on short-term survival, defined as death within 30-days of colorectal cancer surgery. Summary analyses were not conducted in the meta-analysis due to between-study heterogeneity. Of the four studies, the largest was conducted using Veteran's Affairs data among~32,000 mostly Caucasian men and women wherein a RR of 1.19 (95 % CI 1.04-1.36) was noted for 30-day mortality among patients with diabetes relative to patients without diabetes [70] . Little and colleagues reported 8 % and 2 % (p value: 0.02) 30-day mortality among patients with and without diabetes, respectively, among 727 patients undergoing hepatic resection for metastatic colorectal cancer [71] . Underlying comorbidities and susceptibility to postoperative infections among patients with diabetes may have led to these higher 30-day mortality rates.
Several studies have examined the impact of diabetes on all-cause mortality among colorectal cancer survivors [72-82, 83••, 84] . As summarized in Table 2 , these studies generally suggest higher risks of death from all causes among colorectal cancer patients with diabetes compared with colorectal cancer patients without diabetes [72, 73, 75, 76, 78, 79, 82, 83••, 84] , although a few studies suggest null associations [74, 76, 77, 80, 81, 84] . Because BMI is a strong prognostic indictor for colorectal cancer worsened survival [85] [86] [87] [88] , and because BMI is clearly associated with diabetes status, studies that were able to include BMI in their statistical models offer the only mechanism to assess the adiposity-independent impact of diabetes on colorectal cancer survival. Among studies with available BMI data, Meyerhardt and colleagues reported higher risks of all-cause mortality among 3,549 patients with TNM stage II or III colorectal cancer (hazard ratio (HR) 1.42; 95 % CI 1.22-1.67) [73] . Similarly, recent results from the CPS-II Nutrition cohort conducted among 2,278 colorectal cancer patients with invasive, nonmetastatic disease identified a HR of 1.53 (95 % CI 1.28-1.83) for all-cause mortality among patients with diabetes compared to patients without diabetes, after adjusting for BMI, stage, physical activity, red meat intake, and other factors [83••] . Two relatively small studies suggested no influence of diabetes on colorectal cancer survival [77, 81] , but their null results may have been simply due to inadequate statistical power. Less understood are the specific causes of death that contribute to the higher risks of long-term mortality among colorectal cancer patients with diabetes. To date, only a few studies have examined colorectal cancer specific mortality among colorectal cancer patients with and without diabetes. In a hospital-based study of~2,700 colorectal cancer patients, diabetes compared with not having diabetes was associated with higher risk of colorectal cancer-specific death (RR 1.21; 95 % CI 1.02-1.43) [82] . In the CPS-II Nutrition cohort, including 2,278 colorectal cancer patients, a RR of 1.29 (95 % CI 0.98-1.7) was identified for colorectal cancer specific mortality [83••] . Two registry-based studies of 9,395 colorectal cancer patients [75] and 1,194 colorectal cancer patients [79] , however, reported null associations between diabetes and colorectal cancer-specific death. In several of these studies [75, 83••] , the risk estimates for colorectal cancer-specific mortality were lower than risk estimates for all-cause mortality, suggesting that other causes of death may be relevant. Indeed, in the CPS-II Nutrition cohort a greater than twofold increased risk of cardiovascular disease mortality was observed (RR 2.16; 95 % CI 1.44-3.24) [83••] . Although associations with cardiovascular disease mortality have not been presented elsewhere, the magnitude of the association is consistent with known associations between diabetes and cardiovascular disease mortality in noncancer patient populations [13•, 14••] .
There are several potential explanations for the observed associations between T2DM and higher risk of all-cause mortality among patients with colorectal cancer; many of the same mechanisms that may impact on incidence may also impact on prognosis, as described earlier. Patients with poorly controlled or advanced T2DM are at increased risk of macrovascular and microvascular complications [5] . Therefore, the excess mortality risk observed in colorectal cancer patients with diabetes might relate to concurrent illnesses and comorbidities other than cancer. This idea is supported by observations of the greater than twofold increased risk of cardiovascular mortality among colorectal cancer survivors who have diabetes [83••] . Other explanations for poorer prognosis among patients with T2DM and colorectal cancer include differences in cancer treatment, response to treatment, and treatment-related toxicity. Studies have shown that patients with colorectal cancer and T2DM were treated less aggressively [78] , experienced more severe chemotherapyrelated adverse effects [73] , and had poorer response to treatment than did those without diabetes [73] .
Diabetes Treatments and Colorectal Cancer Etiology
No discussion of diabetes and cancer is complete without at least a cursory mention of the potential for diabetes treatments potentially to exacerbate or attenuate risk of cancer.
To that end, a number of recent observational studies have addressed the issue of potential associations of glucose lowering therapies with colorectal cancer. These sorts of studies face large, methodological hurdles, because cancer and diabetes are complex and highly variable conditions, as discussed in two recent detailed reviews [89••, 90••] . These reviews describe a persuasive series of potential biases, confounders, and effect modifiers to consider in studies of diabetes (and diabetes treatments) and cancer [89••, 90••] . Many of these caveats have been mentioned in this review already (i.e., confounding from shared risk factors, diabetes duration, and the importance of updated information on diabetes status), but others are specific to diabetes treatments. Perhaps most importantly is the concept of confounding by indication. Confounding by indication may occur in a nonrandomized pharmacotherapy study of diabetes medications when drug treatment selection is associated with other risk factors for cancer incidence or survival [89••] . For example, patients who cannot achieve good glycemic control through lifestyle modification and oral drugs alone are more likely to be prescribed insulin. Therefore, patients taking insulin may have an overall higher risk factor profile for cancer, independent of their insulin use.
Putting these methodologic issues aside, several recent studies, including some meta-analyses, have assessed the potential impacts of diabetes treatments on colorectal cancer incidence and survival. In one of the recent meta-analyses mentioned earlier [40] , four studies were identified that assessed insulin treatment and colorectal cancer incidence. Among these four studies, a summary RR of 1.61 ( In contrast to the potential procarcinogenic effects of insulin, metformin has been touted as potentially chemopreventative [55] . With respect to colorectal cancer specifically, evidence is somewhat mixed. Noto and colleagues conducted a meta-analysis among six studies of metformin use and colorectal cancer incidence and reported a summary RR of 0.68 (95 % CI 0.53-0.88) [92] . Two studies published since the meta-analysis, however, suggest higher [93] , or borderline higher [94] , risks of colorectal cancer among T2DM patients treated with metformin. These more recent results seem surprising, especially given the strong in vivo and in vitro evidence of anticarcinogenetic properties attributed to metformin [55] . Studies on the prognostic impact of metformin among colorectal cancer survivors have been limited, but generally suggest a modest decreased risk of all-cause mortality [95] [96] [97] . There are limited data on the impact(s) of other diabetes treatments (e.g., sulfonylureas, thiazolidinediones, DPP-4 inhibitors) with risk of colorectal cancer.
Concluding Comments on Diabetes and Colorectal Cancer
Diabetes is a consistent, albeit modest, risk factor for colorectal cancer incidence and mortality. Critically, these associations persist after accounting for their shared risks factors, including obesity, physical inactivity, diet, and age. Relative risks for both outcomes from large, prospective studies and from meta-analyses are generally in the range of 1.25 to 1.4. There often is discordance between studies about whether cancer risk varies by strata of sex, subsite in the colon or rectum, duration of T2DM, and race. Metaanalyses tend to suggest that there is little heterogeneity across these subgroups, with the notable exception of race wherein largely null associations have been reported in the few studies conducted in racial/ethnic groups that are not Caucasian or from Asia. Individual studies have identified some provocative subgroup differences and have offered seemingly sound explanations for the apparent differences (e.g., gender differences for T2DM may be correlated with gender differences in metformin use, glucose control, or postmenopausal therapy use). Future research on diabetes and colorectal cancer incidence should place an emphasis on non-Caucasian populations. To accomplish this task, large consortia projects of pooled data from cohort studies may be particularly timely and relatively efficient. Another major focus of modern, prospective cohorts should be to collect detailed and regularly updated information from study participants on pharmacotherapy, degree of glucose control, diabetes-related complications, and other factors related both to diabetes and to cancer risk. Clearly, the utility of this information needs to be weighed against participant burden and other scientific and programmatic objectives for the cohort. The role of diabetes treatments on cancer risk in general, and colorectal cancer etiology more specifically, is only beginning to be appreciated. Recent collaborative efforts between the cancer and diabetes research communities are encouraging [ Emerging studies are also beginning to show that diabetes is associated with worsened short-term and long-term mortality among colorectal cancer patients. Few studies have looked at specific causes of death, but higher risks of deaths from colorectal cancer and from cardiovascular disease have been reported. More survival studies on this topic are especially needed, preferably from well-characterized prospective cohorts with detailed information on tumor features (minimally: SEER or TNM summary stage and grade), detailed information on diabetes status, including age of onset of T2DM and degree of glucose control and pharmacotherapy history, and detailed information on lifestyle factors, such body size, physical activity, and diet. Ideally, more comprehensive information would be available on tumor molecular phenotype. Given earlier examples in which obesity was differentially associated with colorectal cancer by strata of MSI [98] [99] [100] and fatty acid synthase (FASN) expression [101, 102] , it would be informative to assess whether these molecular subgroup differences persist in the case of diabetes.
